ABSTRACT: Parasitological investigations were carried out on harbour porpoises Phocoena phocoena originating from 3 different areas: the German North Sea (28), the German Baltic (18) and Norwegian waters (22). The individuals were bycaught in gill-nets or found stranded during the period 1997 to 2000. A total of 7 species of parasites was identified from the investigated organs. These originated mainly from the respiratory tract and comprised 1 ascaridoid nematode (Anisakis simplex), 4
INTRODUCTION
Assessments of the health status of porpoises Phocoena phocoena in German waters have been undertaken since 1990. Special attention has been paid to parasites as major agents of infection. Parasitic infections have been found in the respiratory and alimentary tract, heart, liver, pancreas and auditory/cranial sinuses (Raga 1994 . Infections with lung worms are commonly associated with secondary bacterial infections (Balbuena et al. 1993 , Kirkwood et al. 1997 , Jepson et al. 2000 , Siebert et al. 2002 and are known to seriously affect the health of marine mammals. Heavy burdens of lung worms cause obstruction of the respiratory tract, impede diving ability and can lead to death (Clausen 1985 , Kirkwood et al. 1997 . It remains unclear why porpoises from Greenlandic waters exhibit lower levels of parasitic infection and suffer less from lesions due to parasites than porpoises from German waters . It has been suggested that the bioaccumulation of pollutants (PCBs, DDTs etc.) caused by environmental deterioration could be responsible for the impairment of immune responses to pathogens such as bacteria, fungi or parasites (Aguilar & Borrell 1995 , Jepson et al. 1999 . In this study special attention was paid to the respiratory tract and to pathological lesions caused by parasites. The prevalence and abundance of parasite species in hosts stranded and bycaught and originating from different geographical areas were compared and correlated with bronchopneumonia and gastritis.
MATERIALS AND METHODS
Samples included in this investigation originated from dead harbour porpoises collected along the coasts of Schleswig-Holstein, Germany, between 1997 and 2000. All porpoises from the German North Sea (28) were found stranded, while 13 (72%) of the individuals from the German Baltic (18) were bycaught. Samples from Norwegian waters (22) originated from porpoises which were bycaught in commercial fishery gill-nets during 2000. The majority of the animals were stored at -20°C until necropsy, and some were dissected directly.
Necropsies were performed according to international guidelines; all organs were examined macroscopically and histologically . Furthermore, microbiological, serological and virological investigations were carried out on the porpoises. Parasites were collected during necropsies, preserved in 70% ethanol and identified microscopically after preparation in lactophenol according to the scientific literature (Baylis 1932 , Schmidt-Ries 1940 , Yamaguti 1958 , 1961 , Arnold & Gaskin 1974 . The level of parasitic infection was determined (during necropsy) semiquantitatively as severe, moderate or mild as described by Siebert et al. (2001) . Age was determined according to Lockyer (1995) and porpoises were divided into ageclasses according to Siebert et al. (2001) : ≤0.5 yr (neonates and calves); 0.5 to 4 yr (subadults); > 4 yr (adults). Non-parametric tests were chosen according to the rationales indicated in Siegel & Castellan (1988) . Exact tests were calculated when small samples required their use (Mundry & Fischer 1998) , and 2-tailed p-values are indicated throughout. Fisher's exact tests and Mann-Whitney U-tests were calculated using SPSS 11.5.0, and Spearman correlations and corresponding p-values using software written by R. Mundry, Forschungs-und Technologiezentrum Westkueste, Hafentoern, Germany. Because the data frequently included tied observations, p-values were derived using a randomisation procedure.
RESULTS AND DISCUSSION
Seven species of parasites were identified from the samples investigated. Five species were nematodes: 1 ascaridoid nematode (Anisakis simplex) from the stomach and 4 pseudaliid nematodes (Pseudalius inflexus, Torynurus convolutus, Halocercus invaginatus, Stenurus minor) from the respiratory tract and the cranial sinuses. In addition, 2 trematodes (Campula oblonga, Pholeter gastrophilus) were found. P. gastrophilus was found in the duodenal ampulla (fourth stomach compartment) and C. oblonga in the liver and pancreas.
Parasites from the respiratory tract

Pseudalius inflexus, Torynurus convolutus, and
Halocercus invaginatus were found in the lungs of porpoises from all areas, this being the first geographic record of H. invaginatus from the German North and Baltic Seas. Parasitic infection in the respiratory tract and in the ears and cranial sinuses was prevalent in most porpoises (90%) (Fig. 1) . Nematode infection in the lungs of porpoises was often of mixed species and associated with bronchopneumonia. When pooling across all regions, age-classes, and bycaught and stranded individuals, there was a highly significant positive correlation between parasitic infection and bronchopneumonia (r s = 0.487, n = 68, p < 0.001). T. convolutus was found in the nasal sinuses of 2 porpoises. Regarding the severity of parasitic infection in the respiratory tract of porpoises from different areas, animals from the Baltic Sea and Norwegian waters were less affected and did not exhibit severe levels of parasitic infection (Fig. 2) . However, it has to be taken into account that all Norwegian porpoises and 13 (72%) Baltic Sea porpoises originated from bycatch, whereas all porpoises from the North Sea were stranded.
As regards lung worm infection in bycaught and stranded porpoises, bycaught porpoises were less affected by parasites and associated bronchopneumonia (parasitic infection: n = 35 bycaught, n = 33 stranded, U = 295, p < 0.001; bronchopneumonia: n = 34 bycaught, n = 29 stranded, U = 256, p = 0.001) (Fig. 3) . In stranded individuals bronchopneumonia was found to be a common cause of death (Baker & Martin 1992 . Comparing bycaught porpoises from the Baltic Sea and Norwegian waters, individuals from the Baltic were generally less affected by both parasitic infection and bronchopneumonia than Norwegian porpoises, although only prevalence and intensity of bronchopneumonia differed significantly (parasitic infection: n = 13 Baltic, n = 22 Norwegian, U = 98, p = 0.07; broncho- Two porpoise calves from the North and Baltic Seas examined in this study exhibited lung infection, which was determined in histology. Subadults predominantly showed mild or no infection, while all adults were infected, although severe infection was rare. These findings, which indicate a prenatal infection as suggested by Dailey et al. (1991) , or an infection through lactation, are supported by Gibson et al. (1998) , who found lung worms on histological slides of the lungs of newborn porpoises.
Parasitic infection and associated bronchopneumonia tended to appear more severely in adults than in subadults (Mann-Whitney U-test; parasitic infection: n = 21 adults, 45 subadults, U = 353.5, p = 0.08; bronchopneumonia: n = 18 adults, 43 subadults, U = 280.5, p = 0.081).
Parasites of auditory/cranial sinuses
The nematode Stenurus minor infects auditory and cranial sinuses (Brosens et al. 1996) and was found in 47 porpoises from all 3 examined areas; some individuals were also found in the lungs. Contrary to the results of Faulkner et al. (1997) , the infection of the porpoises examined in this work was not distributed evenly between the ears. Both stranded (62%) and bycaught (77%) porpoises were infected by S. minor and did not differ substantially in the severity of infection.
In this study, porpoises infected with Stenurus minor exhibited no remarkable changes in the auditory sinuses and surrounding tissues. Other authors (Brosens et al. 1996 found no pathological changes associated with S. minor. Furthermore, the work of Faulkner et al. (1997) , in which only bycaught porpoises in a good nutritional state were examined, supports the thesis that porpoises infected with S. minor are able to hunt effectively. Individuals found in samples from the lungs supposedly migrated there postmortem.
Parasites from liver and pancreas
The trematode Campula oblonga was found in the liver of 36 porpoises from the North and Baltic Seas and Norwegian waters. No porpoise exhibited severe infection. When all harbour porpoises were divided into groups of individuals with and without infection of the liver, prevalence of parasitic infection in Norwegian porpoises was seen to be significantly higher (n = 45 subadults, χ 2 = 27.42, df = 2, p < 0.001). In contrast to porpoises from the North and Baltic Seas, which showed no parasitic infection in the pancreas, 18% of those from Norwegian waters exhibited infections of this organ. Porpoises with trematodes in the liver and pancreas sometimes showed mild and moderate cholangitis, pericholangitis and periportal and peri- Fig. 2 . Phocoena phocoena. Severity of infection by lung worms in the respiratory tract of porpoises from German and Norwegian waters Fig. 3 . Phocoena phocoena. Lung infection in bycaught and stranded porpoises from German waters ductular fibrosis. Siebert et al. (2001) reported C. oblonga in the liver and pancreas of porpoises from German waters and found similar lesions associated with the trematode. This probably does not impair porpoises seriously; however, the lesions can serve as an entrance for bacterial and fungal pathogens (Wün-schmann et al. 1999) .
Parasites from the stomach
Anisakis simplex was found in the first stomach compartment in 18 (80%) of the Norwegian porpoises, in 9 (32%) of the North Sea porpoises and in 6 (28%) of the Baltic Sea porpoises. Some individuals showed infections in the second compartment which were less marked: 7 (25%) Norwegian porpoises, and 1 porpoise each from the North (4%) and Baltic Seas (6%). We assumed that our ascaridoid belonged to A. simplex sensu stricto, because it is the only species of the complex cited in the North Atlantic and Baltic Sea (Mattiucci et al. 1997) .
Infection with Anisakis simplex in the first stomach compartment was often accompanied by ulcers. No difference in the severity of infection between subadults and adults was found (Mann-Whitney U-test; Baltic Sea bycaught porpoises: n = 2 subadults, n = 11 adults, U = 9, p = 1; Norwegian bycaught: n = 3 subadults, n = 19 subadults, U = 24, p = 0.723; Baltic Sea stranded: n = 3 subadults, n = 2 adults, U = 2, p = 0.8; North Sea stranded: n = 13 subadults, n = 13 subadults, U = 81.5, p = 0.977; no alpha adjustment applied), but bycaught porpoises from Norwegian waters were infected more often and more severely than bycaught individuals from the Baltic (n = 13 Baltic, n = 22 Norwegian, U = 50, p < 0.01). Lick (1991) also found markedly lower infection rates with A. simplex in Baltic Sea porpoises. The differences probably reflect a certain species composition in the diet of porpoises in different areas. Herreras et al. (1997) also found a strong local influence in the helminth community of the digestive tract in Danish porpoises.
Regarding all porpoises, statistics showed that ulcers were associated with higher infection rates in the stomach (7 Mann-Whitney U-tests, calculated separately for 3 areas, 2 age-classes and 2 finding conditions: all except 1 (Norwegian porpoises) significant at p < 0.05). Smith (1989) associated ulcers in the forestomach of porpoises especially with Anisakis simplex larvae.
Pholeter gastrophilus was found in 2 of the porpoises examined in the mucosa of the last stomach compartment. The trematode was accompanied by a mild granulomatous inflammation. Although it occurred rarely in individuals examined in this study, it appears to occur regularly in porpoises and, like Campula oblonga, to have no serious consequences for the host (Gibson et al. 1998) . The genetic variation between Baltic and North Sea porpoises as well as Norwegian porpoises (Tolley et al. 2001 ) might influence their parasitation to some extent. In addition, the diet composition of porpoises from the Baltic, North Sea and Norwegian waters could result in infection with different parasitic species. Differences in parasitic infection and associated lesions between porpoises from different regions might result from the level of pollution in their respective waters. Chronic exposure to contaminants such as PCBs and organochlorine compounds has been shown to be immunosuppressive in mammalian species (Jepson 1999) .
